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DESCRIPTION 
ELECTROCHROMIC MIRROR 

Technical Field 
[0001] 

The present invention relates to an indoor or outdoor rearview mirror applied to 
vehicles such as an automobile and, more particularly, to an electrochromic mirror the 
reflectivity of which can be changed by applying a voltage. 

Background Art 
[0002] 

Conventionally, in a rearview mirror applied to vehicles such as an automobile, a 
so-called "electrochromic mirror" which enables reduction of glare from the headlights of a 
following car at night by electrically changing the reflectivity thereof has been known (see, 
for example, Japanese Utility Model Application Publication (JP-Y) No. 62-2587). 
[0003] 

As shown in Fig. 2, an electrochromic mirror 100 disclosed in JP-Y No. 62-2587 has 
a construction whereby thin fihns of a transparent electrode 104, iridium hydroxide (Ir(OH)3) 
106, tantalum pentaoxide (Ta205) 108, tungsten trioxide (WO3) 110, and an aluminum (Al) 
electrode 112 are successively laminated on the back of a glass substrate 102 by means, for 
example, of vacuum deposition and, at the same time, a glass plate 114 for protecting the 
aforementioned respective thin fihns is applied to the side of the aluminum (Al) electrode 112 
with a sealer (adhesive) 116. When a voltage is applied between the transparent electrode 104 
and the aluminum (Al) electrode 1 12 by an electric source apparatus 1 1 8, the respective thin 
films of iridium hydroxide (&(0H)3) 106 and tungsten trioxide (WO3) 110 are 
coloring-reacted to change the reflectivity of the electrochromic mirror 100 (see arrow B of 
Fig. 2). 
[0004] 

However, in this electrochromic mirror 100, unless film thicknesses and film 
qualities of the aforementioned respective thin films are balanced, a thin fihn that has been 
colored once does not revert to its original state in some cases. Moreover, since performance 
is sensitive to the influence of variations in the respective fihn thicknesses, difficult 
manufacturing conditions are imposed. Further, since the multi-layered film is formed by 
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vacuum deposition, there is also a problem of high costs. 

On the other hand, an electrochromic mirror having a construction whereby 
reflectivity is changed by a coloring reaction of a so-called "electrochromic solution", which 
is an electrically colored solution, is also known (see, for example, Japanese Patent No. 
2672083). 
[0005] 

As shown in Fig. 3, in an electrochromic mirror 200 disclosed in Japanese Patent No. 
2672083, two glass substrates 202 and 204 are disposed parallel at a constant interval, and 
transparent electrode films 206 are formed on respective intemal surfaces facing each other of 
these two glass substrates 202 and 204. An electrochromic solution 210 is sealed in the 
interior of a space (cell) sealed with a sealing agent 208, between these respective transparent 
electrode films 206. Further, a reflecting film 212 and a protection coating film 214 are 
formed on the back (lower surface in Fig. 3) of the glass substrate 204. When a voltage is 
applied between the respective transparent electrode films 206 by an electric source apparatus 
216, the electrochromic solution 210 is coloring-reacted, and the reflectivity of the 
electrochromic mirror 200 is changed. 
[0006] 

However, in this electrochromic mirror 200, imless the two glass substrates 202 and 
204 are applied parallel to each other via a sealing agent 206 with high precision, the image of 
reflected light (see arrow C in Fig. 3) from the reflecting film 212, and the image of the 
reflected light at a surface (the upper surface in Fig. 3) of the glass substrate 202 are not 
consistent, and a so-called double image is generated, leading to a mirror which is extremely 
difficult to see. In particular, a mirror for an automobile generally uses a curved mirror and, in 
this case, there are the drawbacks that manufacturing is extremely difficult, and costs 
increase. 

Patent Reference 1: JP-YNo. 62-2587 

Patent Reference 2: Japanese Patent No. 2672083 

Disclosure of Invention 

Problems to be solved by the invention 

[0007] 

In view of the aforementioned facts, the present invention provides an 
electrochromic mirror which is easy to manufacture at low cost, does not generate a double 
image, and is simple with high performance. 
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Means to solve the problems 
[0008] 

A first aspect of the present invention is an electrochromic mirror including a 
transparent substrate wherein an electrochromic film which is reduction-colored is formed on 
the back thereof, and an electrically conducive light reflecting film which is permeable to 
hydrogen atoms and has electrical conductivity is formed on the electrochromic film; a 
substrate which has an electrically conductive part having electrical conductivity on at least 
one side, and is provided in a vicinity of the transparent substrate in a state where the 
electrically conductive part faces the electrically conductive light reflecting film; and an 
electrolysis solution which contains at least a hydrogen ion and a material oxidizable with a 
neutral molecule or an anion, and is sealed between the electrically conductive light reflecting 
film of the transparent substrate and the electrically conductive part of the substrate. 
[0009] 

A second aspect of the present invention is an electrochromic mirror including a 
transparent substrate wherein an electrochromic film which is reduction-colored is formed on 
the back thereof, and an electrically conductive light reflecting film which is permeable to 
lithiimi atoms and has electrical conductivity is formed on the electrochromic film; a substrate 
which has an electrically conductive part having electrical conductivity on at least one side, 
and is provided in a vicinity of the transparent substrate in a state where the electrically 
conductive part faces the electrically conductive light reflecting film; and an electrolysis 
solution which contains at least a lithium ion and a material oxidizable with a neutral 
molecule or an anion, and is sealed between the electrically conductive light reflecting film of 
the transparent substrate and the electrical conductive part of the substrate. 

Brief Description of Drawings 
[0010] 

Fig. 1 is a cross-sectional view showing the construction of an electrochromic mirror 
of first to forth embodiments of the present invention. 

Fig. 2 is a cross-sectional view showing the construction of a conventional 
electrochromic mirror. 

Fig. 3 is a cross-sectional view showing the construction of a conventional 
electrochromic mirror. 

Best Mode for Carrying Out the Invention 
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[0011] 

An electrochromic mirror of a first aspect of the present invention is characterized in 
having a transparent substrate wherein an electrochromic film which is reduction-colored is 
formed on the back thereof, and an electrically conductive light reflecting film which is 
permeable to hydrogen atoms and has electrical conductivity is formed on the electrochromic 
film; a substrate which has an electrical conductive part having electrical conductivity on at 
least one side, and is provided in a vicinity of the transparent substrate in a state where the 
electrically conductive part faces the electrically conductive light reflecting film; and an 
electrolysis solution which contains at least a hydrogen ion and a material oxidizable with a 
neutral molecule or an anion, and is sealed between the electrically conductive light reflecting 
film of the transparent substrate and the electrically conductive part of the substrate. 
[0012] 

In the electrochromic mirror of the first aspect of the present invention, the 
electrolysis solution is sealed between the electrically conductive light reflecting film formed 
on the transparent substrate, and the electrically conductive part of the substrate. This 
electrolysis solution contains at least a hydrogen ion, and a material oxidizable with a neutral 
molecule or an anion. 
[0013] 

Herein, when a negative voltage is applied to the electrically conductive light 
reflecting film and, at the same time, a positive voltage is applied to the electrically 
conductive part of the substrate, for example, by an electric source apparatus (battery etc.) 
mounted in a vehicle, the hydrogen ions contained in the electrolysis solution move to the side 
of the electrically conductive light reflecting film, pass as hydrogen atoms through the 
electrical conductive light reflecting film, and move to the side of the electrochromic film. For 
this reason, the following reduction reaction occurs in the electrochromic film. 
[0014] 



xH*+MO+e"= HxMO ID 

Decoloring Coloring 

[0015] 

H"^ is a hydrogen ion, MO is a material for the electrochromic film, and e" is an 
electron. The material (MO) for this electrochromic film is most preferably tungsten trioxide 
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(WOs), molybdenum trioxide (M0O3), or a mixture containing at least one of them. 
[0016] 

On the other hand, as described above, the electrolysis solution contains a material 
oxidizable with a neutral molecule or an anion, and this is a construction ensuring the 
aforementioned reduction reaction of the electrochromic film. 
[0017] 

That is, when an oxidizing neutral molecule is contained in the electrolysis solution, 
supposing this neutral molecule to be A, the following oxidation reaction occurs in a vicinity 
of the electrically conductive part of the substrate to which a positive voltage is applied, in an 
electrolysis solution. 
[0018] 

A-e"^ (2) 

[0019] 

In addition, when an oxidizing anion is contained in an electrolysis solution, 
supposing this anion to be B, the following oxidation reaction occurs in a vicinity of the 
electrically conductive part of the substrate to which a positive voltage is applied, in an 
electrolysis solution. 
[0020] 

B~-e~:^ B 

[0021] 

Therefore, for example, when the material for the electrochromic film is WO3, and 
an oxidizing neutral molecule is contained in the electrolysis solution, the whole reaction is as 
shown below, and the electrochromic film is reduction-colored. 
[0022] 

xH*+W03+xA HxWOa+xA* (4) 

Decoloring Coloring 



(3) 



[0023] 

In addition, for example, when the material for the electrochromic film is WO3, and 
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an oxidizing anion is contained in the electrolysis solution, the whole reaction is as shown 

below, and the electrochromic film is reduction-colored. 

[0024] 

xH*+W03+xB"=::^ NxWOg+xB (5) 

Decoloring Coloring 

[0025] 

(In order to match the formula (1) and the formula (2), an anion is contained in the 
electrolysis solution. The electrolysis solution does not need to be colored by the reaction in 
the electrolysis solution.) 

Therefore, since light which is introduced into the transparent substrate from a 
surface side (a side opposite to a side on which the electrochromic film and the electrically 
conductive light reflecting film are formed) of the transparent substrate, and is reflected by 
the electrically conductive light reflecting film is dimmed by passage through the colored 
electrochromic film, a reflectivity of the electrochromic mirror changes and the anti-glaring 
effect is exerted. 
[0026] 

Moreover, the present electrochromic mirror has a simple construction wherein only 
two layers of films, namely the electrochromic film and the electrically conductive light 
reflecting film are formed on the transparent substrate, and the film quality, film thickness and 
the like of these respective films hardly affect performance. Therefore, this leads to easy 
manufacturing at low cost. 
[0027] 

In addition, since the electrochromic mirror has such a construction that light 
introduced into the transparent substrate is reflected by the electrically conductive light 
reflecting film formed on the back of this transparent substrate, occurrence of a double image 
is prevented. 
[0028] 

Further, as the electrolysis solution, a highly reactive liquid is generally used in some 
cases, and the materials used in the electrochromic film such as tungsten trioxide and the like 
may be dissolved in the electrolysis solution little by little. Even in such a case, in the present 
electrochromic mirror, since the electrochromic film is formed inside the electrically 
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conductive light reflecting film, and is protected by the electrically conductive light reflecting 

film, it becomes possible to select the electrolysis solution in a wide range. 

[0029] 

Thus, the electrochromic mirror of the first aspect of the present invention is easy to 
manufacture at low cost and, does not generate a double image, and is simple with high 
performance. 
[0030] 

As the electrically conductive light reflecting film of the transparent substrate, since 
hydrogen atoms must permeate therethrough, a noble metal such as a metal of the platinum 
group, for example, platinum, rhodium or palladium, or an alloy containing any of them (e.g. 
an alloy of silver and a platinum group metal) is desirable. Particularly, since a noble metal of 
the platinum group degrades a hydrogen molecule and retains it in the atomic state due to its 
catalytic action, hydrogen atoms easily permeates therethrough. In addition, a noble metal of 
the platinum group, when a voltage is eliminated, has the action of absorbing hydrogen in the 
electrochromic film, and returning this to the electrolysis solution. 
[0031] 

As the substrate of the present electrochromic mirror, a metal plate having electrical 
conductivity may be applied, and a material having a similar thermal expansion rate to that of 
the transparent substrate is preferable. For this reason, such a construction that a thin film 
having electrical conductivity such as a metal film or a transparent electrical conductive film 
is formed on a surface of the substrate formed of the same kind of material (e.g. glass, 
synthetic resin etc.) as that of the transparent substrate, and is used as the electrically 
conductive part (electrode film), is preferable. 
[0032] 

An electrochromic mirror of a second aspect of the present invention includes a 
transparent substrate wherein an electrochromic film which is reduction-colored is formed on 
the back thereof, and an electrically conductive light reflecting film which is permeable to 
lithium atoms and has electrical conductivity is formed on the electrochromic film; a substrate 
which has an electrically conductive part having electrical conductivity on at least one side, 
and is provided in a vicinity of the transparent substrate in a state where the electrically 
conductive part faces the electrically conductive light reflecting film; and an electrolysis 
solution which contains at least a lithium ion and a material oxidizable with a neutral 
molecule or an anion, and is sealed between the electrically conductive light reflecting film of 
the transparent substrate and the electrically conductive part of the substrate. 
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[0033] 

In the electrochromic mirror of the second aspect of the present invention, the 
electrolysis solution is sealed between the electrically conductive light reflecting film formed 
on the transparent substrate and the electrically conductive part of the substrate. This 
electrolysis solution contains at least a lithium ion, and a material oxidizable with a neutral 
molecule or an anion. 
[0034] 

Herein, when a negative voltage is applied to the electrically conductive light 
reflecting film of the transparent substrate, and a positive voltage is applied to the electrically 
conductive part of a substrate, for example, by an electric source apparatus (battery etc.) 
mounted in a vehicle, lithium ions contained in the electrolysis solution move to the side of 
the electrically conductive light reflecting film, pass as lithium atoms through the electrically 
conductive light reflecting film, and move to the side of the electrochromic film. For this 
reason, the following reduction reaction occurs in the electrochromic film. 
[0035] 

xLr+MO+e"= LixMO (6) 

Decoloring Coloring 

[0036] 

Li"^ is a hydrogen ion, MO is a material for the electrochromic film, and e' is an 
electron. The material (MO) for this electrochromic film is most preferably tungsten trioxide 
(WO3), molybdenum trioxide (M0O3), or a mixture containing at least one of them. 
[0037] 

On the other hand, as described above, the electrolysis solution contains a material 
oxidizable with a neutral molecule or an anion, and this is a construction ensuring the 
aforementioned reduction reaction of the electrochromic film. 
[0038] 

That is, when an oxidizing neutral molecule is contained in the electrolysis solution, 
supposing this neutral molecule to be A, the following oxidation reaction occurs in a vicinity 
of the electrically conductive part of the substrate to which a positive voltage is applied, in the 
electrolysis solution. 
[0039] 
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(7) 



[0040] 

In addition, when an oxidizing anion is contained in the electrolysis solution, 
supposing this anion to be B, the following oxidation reaction occurs in a vicinity of the 
electrically conductive part of the substrate to which a positive voltage is applied, in the 
electrolysis solution. 
[0041] 

B-e'=:r B 

[0042] 

Therefore, for example, when the material for the electrochromic film is WO3, and 
an oxidizing neutral molecule is contained in the electrolysis solution, a whole reaction is as 
shown below, and the electrochromic film is reduction-colored. 
[0043] 

xLi^+WOa+xA ^ LixWOg+xA^ (9) 

Decoloring Coloring 

[0044] 

In addition, for example, when the material for an electrochromic film is WO3, and 
an oxidizing anion is contained in the electrolysis solution, a whole reaction is as shown 
below, and the electrochromic film is reduction-colored. 
[0045] 

xLi*+W03+xB"= LixWOs+xB (10) 

Decoloring Coloring 

[0046] 

(In order to match the formula (6) and the formula (7), an anion is contained in the 
electrolysis solution. The electrolysis solution does not need to be colored by the reaction in 
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the electrolysis solution.) 

Therefore, since light which is introduced into the transparent substrate from a 
surface side of the transparent substrate (a side opposite to a side on which the electrochromic 
film and the electrically conductive light reflecting film are formed) and is reflected by the 
electrically conductive light reflecting film is dimmed by passage through the colored 
electrochromic film, a reflectivity of the electrochromic mirror changes and the anti-glaring 
effect is exerted. 
[0047] 

Moreover, the present electrochromic mirror has a simple construction wherein only 
two layers of films, namely the electrochromic film and the electrical conductive light 
reflecting film are formed on the transparent substrate, and the film quality, a film thickness 
and the like of these respective films hardly affect performance. Therefore, this leads to easy 
manufacturing at low cost. 
[0048] 

In addition, since the electrochromic mirror has such a construction that light 
introduced into the transparent substrate is reflected by the electrical conductive light 
reflecting film formed on the back of this transparent substrate, occurrence of a double image 
is prevented. 
[0049] 

Further, as the electrolysis solution, a highly reactive liquid is generally used in some 
cases, and the materials used in the electrochromic film such as timgsten trioxide and the like 
may be dissolved in the electrolysis solution little by little. Even in such a case, in the present 
electrochromic mirror, since the electrochromic film is formed inside the electrically 
conductive light reflecting film, and is protected by the electrically conductive light reflecting 
film, it becomes possible to select the electrolysis solution in a wide range. 
[0050] 

Thus, the electrochromic mirror of the second aspect of the present invention is easy 
to manufacture at low cost and, moreover, does not generate a double image, and is simple 
with high performance. 
[0051] 

As the electrical conductive light reflecting film of the transparent substrate, since 
lithium atoms must permeate therethrough, a noble metal such as a metal of the platinum 
group, for example, platinum, rhodium or palladium, or an alloy containing any of them (e.g. 
an alloy of silver and a platinum group metal) is desirable. Among them, rhodium has been 
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found to make lithium atoms permeate well therethrough. 
[0052] 

As the substrate for the present electrochromic mirror, a metal plate having electrical 
conductivity may be applied and a material having a thermal expansion rate close to that of 
the transparent substrate is preferable. For this reason, such a construction that a thin film 
having electrical conductivity such as a metal film or a transparent electrically conductive 
film is formed on a surface of the substrate formed of the same kind of material (e.g. glass, 
synthetic resin etc.) as that of the transparent substrate, and is used as the electrically 
conductive part (electrode film), is preferable. 
[0053] 

In the electrochromic mirrors of the first aspect and the second aspect of the present 
invention (hereinafter, referred to as "electrochromic mirror of the present invention" in some 
cases), it is preferable that the electrically conductive part of the substrate is an electrode film 
having electrical conductivity formed on the substrate. For example, a material of the 
substrate can be a material having a thermal expansion rate close to that of the transparent 
substrate, being preferable. 
[0054] 

In addition, the electrochromic mirror of the present invention is preferably 
constructed such that a material for the electrochromic film of the transparent substrate 
contains at least one of tungsten trioxide and molybdenum trioxide. 
[0055] 

In the electrochromic mirror of the present invention, it is preferable that a material 
for the eclectically conductive light reflecting film of the transparent substrate is selected 
fi-om a metal belonging to the platinimi group, and an alloy of silver and a metal belonging to 
the platinum group. 
[0056] 

In the electrochromic mirror of the present invention, it is preferable that a material 
for the electrically conductive light reflecting film of the transparent substrate is rhodium. 
Particularly, this is preferable in the case where a lithium ion is contained in the electrolysis 
solution. 
[0057] 

In the electrochromic mirror of the present invention, it is preferable that the 
electrolysis solution is a gel containing a polymer or an inorganic substance that does not 
react with an electrolysis solution. This can prevent liquid leakage at breakage of the 
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electrochromic mirror, being preferable. 
(First embodiment) 

Fig. 1 shows a construction of an electrochromic mirror 10 relating to a first 
embodiment of the present invention in a cross-sectional view. 
[0058] 

The electrochromic mirror 10 is provided with a glass substrate 12 which is a 
transparent substrate. On the back (the lower side in Fig. 1) of this glass substrate 12, an 
electrochromic film 14 which is reduction-colored is formed as a thin film by means, for 
example, of vacuum deposition. A material for this electrochromic film 14 is timgsten trioxide 
(WO3) in the present first embodiment. 
[0059] 

On the back of the glass substrate 12, an electrically conductive light reflecting film 
16 is formed as a thin film on this electrochromic film 14 by means, for example, of vacuimi 
deposition. A material for this electrically conductive light reflecting film 16 is palladium in 
the present first embodiment. 
[0060] 

At both ends in a width direction of the glass substrate 12 (both ends in left and right 
directions, in Fig. 1), the electrochromic film 14 is not formed, and the electrically conductive 
light reflecting film 16 is directly adhered to the glass substrate 12. 
[0061] 

On the backside of the glziss substrate 12, a substrate 17 is provided in a vicinity 
thereof The substrate 17 has a construction having a glass substrate 18, and an electrode film 
22, as an electrically conductive part, formed as a thin film on one side of the glass substrate 
1 8 by means, for example, of vacuum deposition. Edge parts of the electrode film 22 side are 
adhered to the electrically conductive light reflecting film 16 with a sealing agent 20, in the 
state where the electrode film 22 side faces the electrically conductive light reflecting film 16. 
A material for this electrode film 22 is a metal such as chromium or the like in the present 
first embodiment. 
[0062] 

Between the electrically conductive light reflecting film 16 of the glass substrate 12 
and the electrode film 22 of the substrate 17, a space sealed with the sealing agent 20 is 
formed, and an electrolysis solution 24 is sealed in this space. The electrolysis solution 24 
uses propylene carbonate as a solvent in the present first embodiment, and contains sulfiiric 
acid (H2SO4) as a hydrogen ion agent, and ferrocene (Fe(C5H5)2) as a neutral substance as an 
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oxidizing agent. 
[0063] 

An electric source apparatus 26 is connected to the electrical conductive light 
reflecting film 16 of the glass substrate 12 and the electrode film 22 of the substrate 17 via a 
wiring 28. The electric source 26 has a direct current electric source 30 and a switch 32, and is 
constructed such that, in the state where the switch 32 is "ON", a minus electrode of the direct 
current electric source 30 is connected to the electrically conductive light reflecting film 16, 
and a plus electrode of the direct current electric source 30 is connected to the electrode film 
22. The electrically conductive light reflecting film 16 and the electrode film 22 are 
constructed such that they can be short-circuited via a not shown circuit. 
[0064] 

Then, the action of the present first embodiment will be explained. 

[0065] 

In the electrochromic mirror 1 0 having the aforementioned construction, when the 
switch 32 of the electric source apparatus 26 is operated to be "ON", a negative voltage is 
applied to the electrically conductive light reflecting film 16, and a positive voltage is applied 
to the electrode film 22 by the direct current electric source 30. For this reason, hydrogen ions 
contained in the electrolysis solution 24 move to the side of the electrically conductive light 
reflecting film 16, pass as hydrogen atoms through the electrically conductive light reflecting 
film 16, and move to the electrochromic film 14. Thereby, in the electrochromic film 14, the 
following reduction reaction occurs. 
[0066] 

xH^+W03+e"^ HxWOa 

Decoloring Coloring 

[0067] 

H"*" is a hydrogen ion, and e' is an electron. 

[0068] 

Thereupon, in a vicinity of the electrode film 22 in the electrolysis solution 24, the 
following oxidation reaction occurs. 
[0069] 




13 



Fe(C5H5)2-e-=r [Fe(C5H5)2]" 



(12) 



[0070] 

Therefore, as a whole, a reaction is as follows, and tungsten trioxide (WO3) which is 
a material for the electrochromic film 14 is colored. 
[0071] 



xHVx/2[S04^>W03+x[Fe(C5K5)2]= 

Coloring 



Decoloring HxW03*,</2[SO,n-x[Fe(C5H5)al* (13) 



[0072] 

Thereby, since light which is introduced into the glass substrate 12 from a surface 
side of the glass substrate 12 and is reflected by the electrically conductive light reflecting 
film 16 (see arrow A in Fig. 1) is dimmed by passage through the colored electrochromic film 
14, a reflectivity of the electrochromic mirror 10 changes, and the anti-glaring effect is 
exerted. 
[0073] 

On the other hand, when the voltage applied to the electrically conductive light 
reflecting film 16 and the electrode film 22 is eliminated by operating the switch 32 of the 
electric source apparatus 26 to be "OFF" and, at the same time, the electrically conductive 
light reflecting film 16 and the electrode film 22 are short-circuited via the not shown circuit, 
hydrogen atoms which have reacted with the electrochromic film 14 are retuned into the 
electrode 24, and a color of tungsten trioxide (WO3) which is a material for the 
electrochromic film 14 goes out. 
[0074] 

Herein, the present electrochromic mirror 14 has a simple construction wherein only 
two layers of films, namely the electrochromic film 14 and the electrically conductive light 
reflecting film 16 are formed on the glass substrate 12, and the film thickness, film quality 
and the like of the electrochromic film 14 and the electrically conductive light reflecting film 
16 hardly affect performance. Therefore, this leads to easy manufacturing at low cost. 
[0075] 

In addition, the mirror is constructed such that light introduced into the glass 
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substrate 12 from a surface side is reflected by the electrically conductive light reflecting film 
16 formed on the back of this glass substrate 12, occurrence of a double image is prevented. 

[0076] 

Thus, the electrochromic mirror 10 having the aforementioned construction is easy to 
manufacture at low cost, does not generate a double image, and is simple with 
high-performance. 
[0077] 

Although the present first embodiment has a construction that sulfuric acid is used as 
a hydrogen ion agent contained in the electrolysis solution 24, the hydrogen ion agent is not 
limited to this. As the hydrogen ion agent contained in the electrolysis solution 24, a general 
acid can be used, and examples include hydrochloric acid, phosphoric acid, acetic acid, oxalic 
acid, formic acid, and perchloric acid. 
[0078] 

In addition, in the present first embodiment, although ferrocene (Fe(C5H5)2) used as a 
neutral molecule (neutral substance) contained in the electrolysis solution 24 is a compound 
containing an iron, the neutral molecule (neutral substance) is not limited to this. As a neutral 
molecule (neutral substance) contained in the electrolysis solution 24, a compound which is 
generally called metallocene can be used. 
(Second embodiment) 

Next, a second embodiment of the present invention will be explained. Regarding the 
fundamentally same construction and action as those of the first embodiment, the same 
symbols as those of the first embodiment are given, and explanation thereof is not repeated. 
[0079] 

As shown in Fig. 1, an electrochromic mirror 50 of the present second embodiment 
has the fundamentally same construction as that of the electrochromic mirror 1 0 of the first 
embodiment, but a material for the electrical conductive light reflecting film 52 is rhodium. 
[0080] 

An electrolysis solution 54 for the electrochromic mirror 50 uses propylene 
carbonate as a solvent, and contains lithium perchlorate (LiCI04) as a lithium ion agent, and 
ferrocene (Fe(C5H5)2) which is a neutral substance as an oxidizing agent. 
[0081] 

Other components have the same construction as that in the electrochromic mirror 1 0 
relating to the first embodiment. 
[0082] 
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In the electrochromic mirror 50 having the aforementioned construction, when a 
switch 32 of an electric source apparatus 26 is operated to be "ON", a negative vohage is 
applied to an electrically conductive light reflecting film 1 6, and a positive voltage is applied 
to an electrode film 22 by a direct current electric source 30. For this reason, lithium ions 
contained in an electrode 54 move to the side of the electrically conductive light reflecting 
film 52, passe as lithium atoms through the electrical conductive light reflecting film 52, and 
move to an electrochromic film 14. Thereby, in the electrochromic film 14, the following 
reduction reaction occurs. 
[0083] 

xLi^+W03+e"=!: LixWOa 

Decoloring Coloring 

[0084] 

Li"^ is a lithium ion, and e" is an electron. 

[0085] 

Thereupon, in a vicinity of the electrode film 22 in the electrolysis solution 54, the 
similar oxidation reaction to that of the formula (12) in the first embodiment occurs. 
[0086] 

Therefore, as a whole, a reaction is as shown below, and tungsten trioxide (WO3) 
which is a material for the electrochromic film 14 is colored. 
[0087] 

xLi''+x[CI04>W03+xIFe(C5H5)2] ~ 

Decoloring LixW03+X[CI04"]+X|Fe(C5H5)2]* (15) 

Coloring 

[0088] 

Thereby, since light which is introduced into a glass substrate 12 from a surface side 
of the glass substrate 12 and is reflected by the electrical conductive light reflecting film 52 
(see arrow A in Fig. 1), is dimmed by passage through the colored electrochromic film 14, a 
reflectivity of the electrochromic mirror 10 changes, and the anti-glaring effect is exerted. 
[0089] 

On the other hand, when a voltage is applied to the electrical conductive light 
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reflecting film 52 and the electrode film 22 is eliminated by operating the switch 32 of the 
electric source apparatus 26 to be "OFF" and, at the same time, the electrically conductive 
light reflecting film 52 and the electrode film 22 are short-circuited via a not shown circuit, 
lithium atoms which have been reacted with the electrochromic film 14 is returned into the 
electrolysis solution 24 and a color of tungsten trioxide (WO3) which is a material for the 
electrochromic film 14 goes out. 
[0090] 

In addition, although the present second embodiment has a construction that lithium 
perchlorate (LiC104) is used as a lithium ion agent contained in the electrolysis solution 54, 
the lithium ion agent is not limited to this. As a lithium ion agent contained in the electrolysis 
solution 54, there is a lithium salt such as borofluoride (LIBFa) and lithium arsenofluoride 
(LiAsFe). 

(Third embodiment) 

Next, a third embodiment of the present invention will be explained. Regarding the 
fiindamentally same construction and action as those of the first embodiment, the same 
symbols as those of the first embodiment are given, and explanation thereof is not repeated. 
[0091] 

As shown in Fig. 1, an electrochromic mirror 60 of the present third embodiment has 
the fundamentally same construction as that of the electrochromic mirror 10 of the first 
embodiment, and has a construction that only an electrolysis solution is different from that of 
the first embodiment. An electrolysis solution 62 of the electrochromic mirror 60 has a 
construction that propylene carbonate is used as a solvent, and ferrocyanic acid (H4[Fe(CN)6]) 
is used as an electrolyte. 
[0092] 

In this electrochromic mirror 60, when a switch 32 of an electric source apparatus 26 
is operated to be "ON", and a negative voltage is applied to an electrically conductive light 
reflecting film 16, and a positive voltage is applied to an electrode film 22 by a direct current 
electric source 30, in an electrochromic film 14, the similar reduction reaction to that of the 
formula (1 1) in the first embodiment occurs. 
[0093] 

On the other hand, in a vicinity of the electrode film 22 in the electrolysis solution 62, 
the following oxidation reaction occurs. 
[0094] 
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[Fe(CN)6f -e"^ [Fe{CN)6f" (16) 

[0095] 

Therefore, as a whole, a reaction is as shown below, and tungsten trioxide (WO3) 
which is a material for the electrochromic film 14 is colored. 
[0096] 

4xH Vw03+x[Fe(CN)6]^^ HxWOg+SxHVxIFeCCNy^" (1 7) 

Decoloring Coloring 

[0097] 

Thereby, since light which is introduced into a glass substrate 12 from a surface side 
of the glass substrate 12 and is reflected by the electrical conductive light reflecting film 16 
(see arrow A in Fig. 1) is dimmed by passage through the colored electrochromic film 14, a 
reflectivity of the electrochromic mirror 60 changes, and the anti-glaring effect is exerted. 
(Fourth embodiment) 

Next, a fourth embodiment of the present invention will be explained. Regarding the 
fundamentally same construction and action as those of the first embodiment, the same 
symbols as those of the first embodiment are given, and explanation thereof is not repeated. 
[0098] 

As shown in Fig. 1, an electrochromic mirror 70 of the present fourth embodiment 
has the fimdamentally same construction as that of the electrochromic mirror 10 of the first 
embodiment and has a construction that only an electrolysis solution is different from that of 
the first embodiment. An electrolysis solution 72 of the electrochromic mirror 70 has a 
construction that water is used as a solvent, and potassium ferrocyanide (K4[Fe(CN)6]) is used 
as an electrolyte. In this case, as a hydrogen ion contained in the electrolysis solution 72, a 
hydrogen ion of water is used. 
[0099] 

In this electrochromic mirror 70, when a switch 32 of an electric source apparatus 26 
is operated to be "ON", and a negative voltage is applied to an electrically conductive light 
reflecting film 1 6, and a positive voltage is applied to an electrode film 22 by a direct current 
electric source 30, in an electrochromic film 14, the similar reduction reaction to that of the 
formula (1 1) in the first embodiment occurs and, in a vicinity of the electrode film 22 in an 
electrolysis solution 62, the similar oxidation reaction to that of the formula (16) in the third 
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embodiment occurs. 
[0100] 

Therefore, as a whole, a reaction is as shown below, and tungsten trioxide (WO3) 
which is a material for the electrochromic film 14 is colored. 
[0101] 

xH^+W03+x[Fe(CN)6l'^"^ HxW03+x[Fe(CN)6]^' (1 8) 

Decoloring Coloring 

[0102] 

(A potassium ion (K"^) and a hydroxy ion (OH") not described in the formula (18) are 
not changed). 

Thereby, since light which is introduced into the glass substrate 12 from a surface of 
the glass substrate 12 and is reflected by the electrically conductive light reflecting film 16 
(see arrow A in Fig. 1) is dimmed by passage through the colored electrochromic film 14, a 
reflectivity of the electrochromic mirror 70 changes, and the anti-glaring effect is exerted. 
[0103] 

In addition, in the first to fourth embodiments, when a construction that the 
electrolysis solution 24, 54, 62 or 72 is gelled by mixing an acryl resin into the electrolysis 
solution 24, 54, 62 or 72 is adopted, liquid leakage can be prevented at breakage of the 
electrochromic mirror 10, 50, 60 or 70. 
[0104] 

In addition, in the first to fourth embodiments, when a construction that the 
electrolysis solution 24, 54, 62 or 72 is gelled by mixing silica into the electrolysis solution 24, 
54, 62 or 72 is adopted, liquid leakage can be prevented at breakage of the electrochromic 
mirror 10, 50, 60 or 70. 

Industrial Applicability 
[0105] 

According to the present invention, an electrochromic mirror which is easy to 
manufacture at low cost, does not generate double image, and is simple with high 
performance can be provided. An electrochromic mirror can be used as an indoor or outdoor 
rearview mirror of an automobile or the like, and the present invention has a great industrial 
utilization value. 
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Explanation of Symbols 
[0106] 



1 f> 


jDiccirucnrurnic mirrur 


1 1 


Uiaas sUUslTalc ^Udllaparcni SUDSXTalc ) 


1 A 


Electrochromic film 


1 A 


ciccmcaiiy conauciivc iigni rciicciing mm 


1 T 


oUDsiraie 


1 o 

Is 


Glass substrate (substrate) 




Electrode film (substrate) 


24 


Electrolysis solution 


50 


Electrochromic mirror 


52 


Electrically conductive light reflecting film 


54 


Electrolysis solution 


60 


Electrochromic mirror 


62 


Electrolysis solution 


70 


Electrochromic mirror 


72 , 


Electrolysis solution 
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